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EXECUTIVE SUMMARY

1 What isthe purpose of developing guidance for recommended practicesin
environmental modeling?

Guidance for Recommended Practices in Environmental Modding (modeling guidance)
will encourage Agency-wide consistency in the development, evauation and application of
model s that the Agency uses to address environmental problems and support regulatory
activities. Modeling guidance can help to minimize apparent inconsistenciesin model selection
and support EPA’ s decision-making on models. Users of the models such as I‘ISk assessors, risk
managers, and stakeholders o e thatsamodel is bei c >

: d stakéhol der c

2. What isthe

d.

[y envi s ental mode
/, // s, based on ¢ / pur pose:
uIatory deg s DN making, and

(1) models used farfpoli SIS els 0 ' |on
(3) models used ) i /
Policy e i 3 S aff / |sr esults gifthese models are

likely to be ane , / uIt grams @r/eoncepts. Specific
examplesi ed 4 00l cy acrd rain and'phosphorous reduction
in the Gresg ! z : /_ i / demodelsth euwdtodevelop

( i ¢ [ [ general circulationgmodels), sustainable
2 computer models).

/ e, national regulatory
an es abllshed ral examplesinclude
[ ich as when & cessisimplemented that

nal regulator e ision. Specific examples

) i 0 g is used to assist in determining the national

eCISIOl i or pestlcrde (e.d., |feL|ne Model System), or to
adin the establ |shment of national effluent limitations. The number of stakeholders and parties
directly affected by the ultimate results of these modelsis greater than thosefor policy analysis
models.

orkshop

sult in Iarge-

Models used for implementation applications include the most widely devel oped type of
model,. These models apply to situations where policies and regulations have already been
made. Decisionstend to be local and often lead to design implementations for engineering
purposes or a set of actions for local decision-making. The development of these models and the
use of their output may be driven by court-ordered schedules and the need for actions. Examples
include models used to support the Office of Water Total Maximum Daily Load (TMDL)
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program (e.g., QUALZ2E; Hydrologic Simulation Program-Fortran, HSPF) and the Superfund
program (e.g., AQUATOX, Environmental Fluid Dynamic Code (EFDC) Model). Other
examples include most permits (air, water, or cross-media) where the results are often used to
demonstrate compliance or establish permit limits. The potential to adjust, update, and improve
the modeling after itsinitial use is more possible with this type of model because permits are
often reissued after a period of time and Superfund progress is assessed and plans are reevaluated
during various stages of the project.

Models used for policy analysis, national regulatory decision-making, and
implementation analysis may include various model types, disciplines, and complexities. The
prlmary determination for the scope of modeling guidance is whether the model |s used for

“environmental regulatory” purpases. Modeldypes:imay include@tmosphesi /
chemical equilibrium, chei ert| 2CONO0 / posu /
multi-media, risk assessy / 5 icokip -/
include smple and co ‘/ >x-models, me ( ter b moaels an m dels
utilizing a combinatio, c icJsoei pomic, or n ertyp% of dg

J

3.

r that listed 14
of environmental

& bped a docu

major compone and

models. Thes opi it I were discussed
in the “Whitg P of Mogdel'Use Acceptability
Guidance.” , 2ntified i ssues a8s0ci ated with
developln Ddel us abi Jui the'di scussion of ¢ i ent practices and case

‘Draft Propo /'! Elements of a

ated in Appendix B. This
g general categories
amty and = ity Analysis, and Model

A motk /

OCE

ts at Model on and Peeg'k |ewWorkshop, which was

per 200 ” mende f e 14 modeli ements be framed around
....... 9 lers and*devel opers wotlld™better appreciate, such as the four types of

documentation that often accompany models. Science Formulatlon Documents, User’s Guides,
Code Description Documents, and Evaluation Summaries. The Model Evaluation Action Team,
in a subsequent discussion, concurred with this goproach. The summary report of the EPA
Models Evaluation and Peer Review Workshop is presented in Appendix D.

studies. origing

" and is pres
g to thefollo

4, What approach should modeling guidance take?

The Modd Evaluation Action Team recommended that modeing guidance should
provide program offices sufficient flexibility to implement the guidance according to their needs
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and requirements. The Action Team considered several approaches for development of modeling
guidance and considered pros and cons of each approach. One gpproach involved a detailed
description for each of the 14 modeling elements, including instructions on performing each
element. The Action Team was concerned that this approach might be prescriptive and believed
that aless detailed approach would provide needed flexibility. A second approach involved
developing a document that described the 14 modeling elementsin detail without those
instructions that could be considered prescriptive. A third approach involved the development of
amore general document considering the 14 modeling elements as principles of good modeling
practices, and providing a set of leading questi ons that a modeler would answer in developing,
evaluating, or using amodel.

The workshop participan ecommendedithal EPA -/ devel opi
specific, long, or burde ~'/ i detail @ditopics car
documents other than thg arti ci pafitS preferreo

/I
II

modeling guidance thatiwasa< gene of prig /I.. .1/ than alengt
compendium of methg@lelogies : - ‘l/ pplications in the Ageney, the

g . ) /
participants favored g :/ erd ' &, preseri ptive documents” Many
participants cautio 5 at progre i deli / idance usef at was long
or burdensome. THeparticipan 8 ¢ I re general, while@etails can be
addressed in foc - comp / S Whi / pers, “toglboxes,” or guidance.

Inasu uentd| : \ valug reco r/ nded that
modeling guig i einvo // . v/ of prip€iples, to include
specific ques r S that g i’ d ans / devel oping, applying, opetherwise evaluating
amodel. The ctlon ' , 3 / n:/ g guidance might refer to (or include)
examples, ase st /! S ; cvl: r ciples were applied£In addition, more
detail on / icular ga@pic 9 elg l' tsc / ) -r focused companion documents on
speC|f|c cssu |tat| / y-analysis (from the simplification of governing
equatiq / and usg , / ed ts) 7, antlt tamty analygis(error propagation),
model/C |brat| testl ; 3 odel -/ Surance.

5. he aug : efor : 0 guidance?

e works op partiéspants recommend -o that modeling guidance apply to models of
different rigor (e.g., screenmg or complex) and to models of different underlying scientific
discipline (e.g., toxicology or fate and transport). Modeling guidance should appeal to model
developers, computer programmers, and mode users, and should contain a glossary of key terms,
with definitions that all audiences can appreciate.

All stakeholders involved in the development and use of aregulatory model should be
aware of the intended use (the regulatory decision that will be made, based on the model results).
This understanding includes the issues that will affect the decision-maker’ s selection to use or
disregard amodel, and the ramifications of the ultimate decision. An understanding of these
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points will give an important perspective to modelers, data gatherers, and program managers that
will allow them to develop an appropriate systematic plan at project initiation.

The primary stakeholders for policy analysis models are representatives of severa
agencies or offices within EPA. One office or program may dominate the effort, but thereis
usually significant input from outside sources. Due to the large-scale ramifications and the fact
that policy isin the development stage at this point, the users (including decision-makers) are
typically interested in obtaining as much information as possible.

The primary stekeholders for national regulatory decision-making models include model
developers and users representing Federal agencies, States, non-government organizations, and

the regulated community. Because there may.bean 'nherent hiasiof decisi rS

protection of public polic e p igatio y pote / c

recognized and be built i ni men eSE m ) _
Because mod aret ost widely ag n ed type of

model, there are mor : 20pl e with flhanci al or personal inte e inthe

findings of a model

es and the

6. What is
System

Quallty

EPA Ore A2LC } LOr /~ wironmental e mcludmg
informatio Of a systematic / ning approach to
develop a /i Juality Assurg / Project Plans
(QAPPS) or'e equivale existing datafWwhen used to support

/ hat they are @f 8ufficient quantity and
or QAPPs argprovided in EPA QA
PA QA/R- 5 =PA Requirements for
amural perso . Documentation of
g Quality As . e Project Plan would
planning iaf@rmation as described in
ts of aGuidanee Document on Model

1§ i /

] tingquality ass /
/ eme ofthe ’/
AUAlLiation (1u1y6. 2000) (Appéndix B).

To assist those conducting modeling projects in meeting these requirements, EPA’s
Quality Staff is developing Guidance for Quality Assurance Project Plans for Modeling. The
scope of the modeling QA PP Guidance document allows for the accommodation of various
project types and EPA program requirements. It also allows for the use of a graded gpproach, in
which some efforts may need very detailed and specific planning, testing, and documentation
while others may require less.

The purpose of amodeling QAPP is to assure that modeling objectives are met (e.g.,
model and output assessments), through (1) communication among all stakeholders to ensure
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needs are defined at the outset, (2) consideration of model biases, uses, and results, (3)
identification of activities that will be used to assess model performance and results, and (4)
determination of overall model performance.

Guidance on Recommended Practices in Environmental Modeling can provide additional
information on the use of good modeling practices to address the modeling QA PP objectives.
However, there is some concern that the two documents may cause confusion within EPA if they
convey different philosophies. It isthus recommended that the Quality Staff and the Models
Evaluation Action Team articulate the differences between draft Guidance for Quality Assurance
Project Plans for Modeling and draft Guidance for Recommended Practices in Environmental
Modeling before the either document is released.

The workshop p a i : modeling el ements would not
always be necessary, ] i e valugtion of models, @nd that there
was a potential f ining'Which modeli ements are
most useful. As ssionithe possibility g
development of / nce / prioritizing t 4mode|ing
elements. Priog nod orma Je to varieus factors such
as appropriatene SSit) ] 2 S S (ti It is geeommended that
the Agency cf ] " 0 that cg ild be readily
consulted foff 8el ecti e ng e ‘ making somglaf the modeling
elements m ' B 10 [ odel devel opment; applications, and
evaluatio /

: : p participan / the concept of
develgpi ee-di / ional imae / hic cI ude model/categories, audience, and

dyss model s / dentifying the gppropriae
hich of the / odeling elementsto

the guidan / at addresses their situation.
|, complex matrix may bedifficult and

Ion

/l/

Idth N othep I
pment / Iti-cli
ewhat el aborete for effeeti |mplem atron.

8.  How will modding guidance be implemented?

Each Program Office has case-specific needsfor implementing good modeling practices,
such as model type, model complexity, how the model will be used, and the decision to make
from the model results. Modeling guidance should not be prescriptive; it should be sufficiently
flexible to alow for the different needs of EPA Program Offices. Thus, it is recommended that
EPA Program Offices be responsible for implementing modeling guidance. Implementation
according to program-specific needs could be addressed, for example, by drafting short, program-
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specific guidance that reflects or supplements the guiding principles of the national guidance;
however, other approaches could be considered. However, it is recommended that each
modeling element that is described in model ing gui dance shoul d be addressed when devel oping a
new or modified model, or when using an existing model for anew or related application. If the
Program Office determines not to perform a modeling element, the reason(s) should be
described.

Modeling guidance should be linked to model selection, especially for applications that are
different from those the model was originally developed. Modeling guidance should include
examples, or case studies, of model development, evaluation, and use for representative model
types and complexities, and should take into account the impact of resources that would be
needed to implement the

The draft outlin i S / viewed'and expandedy AT his activity

he ithe arding | co nt, or by convé
Sma / groups, with/e:
ce SeNSUS IS reag
/, The develgpment of the actual

content of the o
guidance shoul / ‘
Environmenta /' s \ | able reports that

] 2the effectiveness of EPA
// ces, rec iof .~ ! ation are often subject to
(0] the 5 ance could bel€onsidered a standard that

/ asth / geste

f the / delineg nciples inp X of ‘guidance.’ On the other
al so e sugg at, ins o where enablifiglegislation or regulation does
------ e alevel© perfo qahCe, modelifig gtitdance could be équaly considered a standard to
WhICh stakeholders and the regulated community will also be held, thereby “leveling the playing

field.”

/ odellng gwd 2 be advisory in nature,

Issue. Should the proposed strategy cover only EPA-devel oped and/or applied models?
EPA may have little knowledge of environmental models that have been developed by other
entities, such as States.

Issue. How will modeling guidance affect models that have already been devel oped and
used? The strategy suggests that EPA Offices should develop documents for models that they
are already using. Ideally, the supporting documents that are described in this strategy should
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aready have been developed for existing models. It isrealized, however, that the already
developed documents may not reflect the organization of documents or approach that is
recommended in this strategy, e.g., Science Formulation Documents, Evaluation Summaries.
How much documentation should be recommended for previous model gpplications? Should
previous model applications be grandfathered?

Issue. The proposed strategy should be strengthened. There is some concern that the
modeling strategy as outlined in this document may not be sufficiently strong to ensure national
consistency in itsimplementation. It has been suggested that the strategy be strengthened by
linking it more strongly to the elements of systematic planning and to the scientific method, while
allowing for flexibility in implementation. However, the strategy includes a recommendation for

devel oping implementing guidance addr' gach modeling,element @ i e
considering the develop emAC consisteney in the's / 4
elementsto perform. It j / Qual aff a /

—y |
ty ty AssurancgF olect
|c EnV|ronmen I'Modeling

enting gwd /

Action Team articulate r r for o

Guig ;
Plans for Modeling a

a 2 V l 7
before either documehti's rel eased. / //
Issue. Progr i 3 aske ) D |

f / Program
Offices may beli 2loping i nenti g densomean ecessary,
particularly sincet C : e ; e approach ig /' propriate, such
asin developi pLiter code. HO ' /asin uded in the strategy
to encourage 3 i ting eI ing guidance.
Implementi . e the / 7elopment of
implementiAg uidan hedetails of the gational guidance by

reference, Ut poi It a // .-u// n the implemeénting guidance.

do / ds /a:"---':"': ip g Dr less compr Sive modelsinto
consd . /' / [ i da ,o/ & 3nded Practices nvironmental Modeling

(Appe / / eapp ) , ncorporating/@eod modeling practices into
the A / cys , el Q // g t / f egul atory e , onmental mg / s. Thereis some concern
be ov |ng fou / prehensive, OF screening-type models.

del ! often .- entlm G / rcesare afag / . Common examples of the
Ning ! el modg sin / derid 06 ement decisions or further action, modeling
perforn ed undeficourt-ordered-deadlines“and'Situations in w sufficient resources are not
available. Thus, data collection and other applicable constraints may determine what type of
model one can afford to use. Suggestions for taking screening models into consideration include
(1) presenting the trade-offs between uncertainty and confidence level, (2) explaining that
uncertainty and variability may not be separable, (3) explaining that there are reducible and non-
reducible uncertainties when developing amodel, (4) using sensitivity andysis early and often,
and (5) using a simple tiered approach for good modeling practices. The approach for less

comprehensive toxicity-based moddsis being considered by a separate EPA group.
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Introduction

The Agency develops, evaluates, and applies a wide variety of highly complex environmental
models. These models are used to coordinate and/or predict the environmental consequences of a
wide range of activities. Frequently, these models become the basis for environmental cleanup,
protection, or regulation, and thus serve to provide a basis for resolution of issuesthat have a
cross-Agency impact involving multiple media (e.g., air, water, ground water). In order to ensure
the adequacy and condstency in the devel opment, evaluation and gpplication of models, itis
recommended that the Agency adopt a set of basic principles that will guide the EPA modeling
community in performing analyses that impact various segments of the Agency's programs.

This draft Strategy fg el op encef ommey CliC
Environmental Modeling il on R i atory / ta deling
(CREM) Moddl Eval uafioniis M & equest offt & CREM'Council. This
document providesa Aopi 0 Agefiey guidanéeon good practicés in

g this 0 .~I propo: s strategys the Model Evaltiation Action

/ ts, £C / / or good modeli I practices,
iof “ ', ceisimplemiented, and held a
WI eresultsfro

environmental mode)
Team identified indi
devel oped broad g

del EvaluatiofAction Team had
e deliberations

identified. The '
of the Modd

Backgrou /

Aw dels have be / / h ars to supporienvironmental decision-
making k ,/ ency eS els ' '"*"*' 3 - ronmental characterization,
enviro / ntal i h ecol ects, risk assessment, and economic impact
model / the / chooses to addréss a multitude of
envir, s as Se issues from a scientific

/ erstanding of f /i
I ' ’/ s hay, iv eincreasingl / )mplex requiring the
i e rangg C A// tific dis mthedev ent of the models aswell as
[ / retation of the res / Asacg &g u ce, the Agen€yand others have become
increasingly conéerned abatt€onsi stency, qualtty, and duplication of effort in model
development, selection, and application. As early as 1989, the Science Advisory Board (SAB)
expressed its concerns in "Resolution on Use of Mathematical Models by EPA for Regulatory
Assessment and Decision Making" (SAB-EEC-89-012). Since that time, the Science Advisory
Board (SAB) has continued to recommend that EPA "establish a general model evaluation
protocol, provide sufficient resources to test and confirm models with appropriate field and
laboratory data, and establish an Agency-wide task group to assess and guide model use by EPA."

perg
involv ) a

In response to these concerns, the Deputy Administrator established the Agency Task Force
on Environmental Regulatory Modeling (ATFERM) in 1992. In 1994, the ATFERM published
the Report of the Agency Task Force on Environmental Regulatory Modeling - Guidance, Support
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Needs, Draft Criteria and Charter (EPA 500-R-94-001). The report contains the following
conclusions: (1) the need for training and technicd support; (2) the need for model use
acceptability criteria; (3) the need for Agency guidance for conducting external peer review of
environmental regulatory modeling; and (4) the need for a Committee on Regulatory
Environmental Modeling (CREM). To this end, the report included a section entitled Guidance for
Conducting External Peer Review of Environmental Regulatory Modeling.

In 1994, the EPA Risk Assessment Forum developed a document entitled Model Validation
for Predictive Exposure Assessments, a draft protocol for model validation, which defined a set of
procedures for evaluating models for exposure assessments. In 1997, ORD and the Program
Offices conducted an Agency-wide conference (Models-2000 Workshop) to facilitate Agency

adherence to existing guida odelinggtedefine and implement img

which the Agency develo : S d ecom ;/ to the .' / i
(SPC)amodeIsrmpIem i nha cm

Agency. Asafollow-o | F S : daS n@lmplem on Team
(S/1T) were established 16 : ¥ acti , ' Orovi ,, e Agency's £ 0 models.
Presentations to the SPC, er Ul tations with the SAE
Environmental Mode tte e bee ‘

In 1998, the S 5 {oprie Paper on the Nature and Scope
of Issues on Adgp S : " ce. ! e White Pape¥ féviewed progress
in and identifi o0 wi [ lity géiidance, through the
discussion of

d the C CounC|I

ework of gur g principlesfor its

/ ency and co sus within the Agency
dance, develgpment, and application,

5 on modeling'agtivities. The CREM

Agency Program Offices. The CREM

eling tools to/S port environmental decision

nt and impleg / tation of programs with

ides EPA stalf and the public with a central

Regulatory

activities Yy ¥ir / :
. lﬁ 90

and enhia [ ) /

./ i e

Out E "

In May 2000, the CREM initiated severd cross-Agency activities that were designed to
enhance the Agency’ s development, use, and selection of regulaory environmental models. One
of these activities involved the ultimate development of modeling guidance. The CREM
determined that aworkshop to facilitate discussion of good modeling practices anong participants
would constitute a viable starting point for developing modeling guidance. To organize the
workshop and develop issue papers for discussion, a cross-Agency Model Evauation Action
Team was formed in June 2000 (Appendix A). Over the next several months, the Action Team
(2) reviewed the White Paper on the Nature and Scope of Issues on Adoption of Model Use
Acceptability Guidance to identify model evauation issues; (2) developed alist of components, or
elements, that would need to be followed to evaluate a regulatory environmenta model; (3)

10
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identified several general principles to support the use of model evaluation guidance; (4)

developed an organizational plan for the workshop that covered the identified model evaluation
elements; (5) held the workshop; and (6) developed a summary report of the workshop.

M odeling Elements

In preparing for the EPA Models Evaluation and Peer Review Workshop, the Models
Evaluation Action Team developed a document entitled “Draft Proposed Elements of a Guidance
Document on Model Evaluation (July 6, 2000).” See Appendix B. These modding elements
were an expansion of topics in from the White Paper on the Nature and Scope of |ssues on
Adoption of Model Use Acceptability Guidaneegand the A ctigngl eam beli

the individual componen od S
The 14 modeling ¢ ed'in th ’ ume ents of a
Guidance Document Q i (Julye®, 2000)"

1

Model Calibration, Testing, and Overall Evaluation

e Error propagation analyses
e Sensitivity analyses

*  Model calibration
Model testing
e Overal model performance

11
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Recommendations for Developing and | mplementing M odeling Guidance

In preparing for the EPA Models Evaluation and Peer Review Workshop, the Models
Evaluation Action Team discussed issues associated with performing the 14 modeling el ements,
and provided recommendations for the successful implementation of modeling guidance. These
recommendations include:

»  Each EPA Program Office should be responsible for implementing modeling guidance. Each
Program Office has case-specific needs for implementing good modeling practices, such as
model type, how the model will be used, and the decision to make from the modd results.

»  Thestrategy for devel oping.ithe guidaneeandithe guidanceiitself she /
specific nature of goae SN | ing ing / count
complexities.

*  Theguidance shqul < 1 the four evaluation geteégories

covered in the / ksh /

n developing 8 ew or
angi rrelatedap cation. If the

ent, |tsreaso should be

. e '.- . ded ptlonsofthegoais-
i dom 3 : |ty,W|thso : Specificity.

_.,‘
b l ~ rl / / /
es of agood

*  Program Offiges'should@
modified mQ / orw
Program O
described.

. . i e e odel and include minimum
/ obe ./ /
. [ idance Id be / mod 3 6C n especidl ! applications that are

hemo ’ originally devéloped.

/ ose fo /
ce should /

e The guidance should include examples, or case studies, of model development, evaluation,
and use for representative model types and complexities (e.g., multi-media modelsvs
screening level models).

Hde descriptio

fhe guida of modeling m&hodologies, including standard

practices.

*  The guidance should takeinto account the impact of resources that would be needed to
implement the guidance.

12
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EPA Models Evaluation and Peer Review Workshop

To discuss the feasibility of incorporating the 14 modeling elements (described in the
document entitled “Draft Proposed Elements of a Guidance Document on Model Evaluation (July
6, 2000)") into modeling guidance, the Agency hed a three-day Models Evaluation and Peer
Review Workshop on November 28-30, 2000. Nearly 100 participants, including EPA scientists
and representatives from other Federal agencies, States, industry, and consultants attended the
workshop, which consisted of presentations by guest speakers, open discussions among the
participants, demonstrations of online software applications, poster sessions, and four breakout
groups that addressed specific.topics. The werkshep partici panis discusse 1
elements and provided regg tiong ing the/modeling
the workshop is provideg i lix ing kgy'recomme
workshop discussions:

Finding1: Modeli

Sts Q / roughout thefeg
S or fiational regul atQfy o

Finding 2: idance S /uv 55" rather than a

/ diu / 2N the breadth of model
i catio the

iy 4/
: gtall ed @nd potenti

/ St '/'/-I ma 2 ,//o deve

entd's too ) oF Burdens
/-'u / be ¢ /

ool Poxes,” ofg ce

pding3. Wa /~ op partierpants were €oncerned that the 14 modeling elements may be
overwhelming to modelers and developers. One suggestion was to structure the
model evaluation strategy around, and integrate the 14 modeling d ementsinto, the
four types of documentation that typically accompany models. Science Formulation
Documents, User’ s Guides, Code Description Documents, and Evaluation
Summaries. (NOTE: A Quality Assurance document can potentially be added as
well, which could include peer review, amodel development plan, a model
application protocol, and amodel support plan.)

Finding 4: The guidance should clearly define al important terms and use consi stent
terminology throughout. Thereis aneed for a glossary of terms, given that some

13
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words (e.g., dispersion) have different meaning across different scientific disciplines
and others (e.g., testing) are interpreted differently by modelers and developers. For
instance, modelers generally consider “testing” to mean model validation, while
devel opers consider it to mean code verification. Participants thought EPA’s strategy
should, at a minimum, provide comprehensive definitions of define the following
terms: calibration, deterministic, model, model code, model theory, stochastic,
uncertainty, validation, verification, and testing.

Finding 5: Workshop participants suggested some revisions to the document entitled “ Draft
Proposed Elements of a Guidance Document on Model Evaluation (July 6, 2000)”
(Attachment B). Refer to Sections 3 through 6 of the EPA Models Evaluation and
Peer Review Warkshop SummanyaReport (Attachment D) f@ iled ac

these suggesti {
Workshop eated|ifgrappled with erm

uncertainty;'a : cle 1 (or eve ) characteri

Finding 6:

Many
doubted ghal of / tainty (e.g., /r ertainty in
[ int i cal represen A ons, and

/ 0de). Given modelers
ofte oie look g | participants € ommended that
EPA carefully, S e e guidance. l' e suggestion

/ ) refer USK Ch 1Zet / db 00-B#00-002) on
2SY b ization : on uncertainty analysis.

elmg principles for

Finding 7: oti ; , ts 7/ 0 dopt general
he success of the CREM depends
ontand commitmeqt/fot only to developing
/ acti ces suring that i ISS stematically
participa ought EPA needed a greater institutional

opm / ementation, ./ 2val uation.
Finding 8. AVa S t ongalr ussions and workshops were necessary to
sur aIthe ! I . tivitie / sistent with / dience’ s expectations.
oli giting inputs /( all affe =PA Offices andthe entire spectrum of

environmenta atory mo dele was advised. Several participants advocated
collaborative efforts with non-Agency modelers at universities, research centers,
industry, and other federal agencies.

Proposal for Guidance on Recommended Practicesin Environmental M odding

The workshop parti cipants were enthusiastic about an opportunity to meet with EPA
modelers from all media offices. As aresult of the recommendations from the workshop, an
outline for a document was created that would reflect the major findings from the Models

14



-
<
L
=
>
=
O
&
L
s
—
L
)
o
<
-t
o
i
2,
-

DRAFT JUNE 20, 2001

Evaluation and Peer Review Workshop. The new document would be entitled “ Guidance on
Recommended Practices in Environmental Modeling” (Appendix C).

As suggested by the outline, the document would be organized according to modeling
documents familiar to modelers: Science Formulation Document, User’s Guide, Code
Description Document, and Evaluation Summary (Workshop Finding 3). We believe the
recommendation to provide a “general constitution of principles’ can best be addressed by
developing a series of leading questions to be answered by someone who is documenting either a
new or existing regulatory environmental model (Workshop Finding 2). Thisformat was
considered sufficiently general with enough specificsto (1) span a broad range of applications, (2)
apply to models of different rigor, intended users, application, and underlying scientific discipline,
and (3) appeal to model developers, computepregiammers,

1). A section for aglossafy ling te
relaxation of uncertai nt iofs

The draft outlinefprese ‘l' Appendix C, Shoul
be accomplished by r/: fol € i toex s for
the purpose. Once gonsensusiSreached on theeont

would be drafted.
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Model Evaluation Action Team

Tom Barnwell, ORD
Tim Barry, OP

Tom Brennan, OPPT
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David Ford, University of Washington, Seattle
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Henry Nelson, OSP
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Jim Rowe, OSP
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APPENDIX B

EL T VALEU -
REGULATO VI NFAL MOBELS
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Draft Presentation Groupsfor the September 2000 Wor kshop on Developing Guidance on
M odel Evaluation (July 6, 2000)

Presentation Group A: Evaluation of Potential M odel Suitability

1) Defining current and/or intended uses of themodel.
(a) Identifying the regulatory activities the model is intended to support
(b) Identifying how the model is to be used in supporting the regulatory activities identified
in 1(a).

2) Evaluating modd output.with.respe ent and/orgimtended n <
() Identifying the > / ' f
and/or intended usg o
(b) Comparing ma : el output necessary to
support the curre !

3) Evaluating mode S
(a) Estimating i ! e (a &) Uncertalnties in model
current and/g /
(b) Determif

put for the

ddeling estimates and the results of

monitoring/t : ) gdively of Basure uncer; i ies such as those
obtained ropagatic 5es) are / he / uncer ies

4) Evaluating /: ex i > g discussed ini#S).
(@ E ' > , SoffWare requireme) / ith respect to current

t or anticipate
fuirements with resp

odel use(s)
to needed model

b ace (i.e., bachvs.
}u 's o / ty and neededinput

/ emo internal toolsan inks to external tools
0, pre-proessars, post-processorfdata anaysis, graphical)

hefol owing two Stisges bee<c| rom the presentations or as an option,

included briefly in presentation group A:

,/ .I )pérating mode/in

5) Evaluating the model user’sguide
(a) Model abstract/description
(b) Designation of minimal/optimal operating sysem, hardware, and software requirements
(c) Diagrams showing interaction of model components and model structure; equations,
equation solution methodol ogies, and related smplifying assumptions
(d) Presentation of equations, equation solution methodol ogies, and related simplifying
assumptions

19
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(e) Input and output variable documentation including definitions, units, temporal/spatial
dimensions, temporal/spatia resolution options, ranges, and format

(f) Guidance on selecting and/or estimating values and/or distributions for input variables
(including guidance on calibration and sd ecting default values and/or distributions)

(g) Mathematical guidance with respect to setting initial and/or boundary conditions (e.g.,
specified fluxes, gradients, heads, and/or concentrations), selecting computational time steps,
and selecting the number and size of computational segments

(h) Guidance on the analysis and interpretation of output

(i) Exampleinput/output files

(j) Description of error propagation analyses, sensitivity analysis, calibration and model
testing methodol ogies and results

fQ tiesand results
! ’__) itial g / / L7 ons

subsequent

6) Evaluating the docume
and/or intended uses of
(a) Documentatiol r

(b) Documentatig : itainties, & mp 3 d Si r dlifications
(c) Documentatj / ar fevie / /

(d) Documenta ~-~ d results

(e) Documen

(f) Docume

(g) Docume /"

Presentatio

g upon whic
3 based and aterpa
¢ uding those gss
OCesses and atte

e modd is based.
 theories (if any)

iated with afalure to
ting to apply it outside its

7) Evaluating
(a) / '

gthe i g /
re ons / / [
L-: Uncertamties asso€rated with simplityhg ordinary and/or partial differential equations for
purposes of obtaining analytical and/or simpler numerical solutions
(b) Uncertainties related to the numerical dispersion associated with some numerical
solutions
(c) Uncertainties associated with simplifying and/or idealizing initial and/or boundary
conditions
(d) Uncertainties associated with setting computational time steps and computational
segments
(e) Uncertainties associated with the failure to provide one or more sensitive input
parameters with adequate dimensions to account for temporal and/or spatial variability in the
values of the variables

e trandationfof theory into mathematical

20
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(f) Uncertainties associated with applying a model outsideits range of applicability

(9) Uncertainties associated with the use of deterministic models such as the failure to
adequately reflect naturd variability

(h) Uncertainties associated with probabilistic modding such as those due to falure to
adequately account for correlations between input variables and those associated with the
tails of distributions in cases where the distributions are fit only to more centrally located
data.

code.
of amodel /

(a) Veification of code for mode algorithms
(c) Software code g / :
Presentation GroupiCf Uncert / ‘ / / /

9) Guidance on evaluating the uncertainty associated with the transcription into computer
(b) Uncertainty associ ated.wi mterf aggbetween the com onen
10) Guidance on pe

nty nalyses

(a) Defining@ g hoW/the results areisec
(b) Comma errgrincertainty angyses (eg., total
differential’loa
(c) Comp w/ Pation
sthod d and the extent to

/ the results sed
/ sfo alyses (e.g, One variable at atime
tigS, derival / hase Jices, Monte @arlo/regression methods,

10 a varia / .”~ G / / and Sobelfindices)
dari / d selg / ethods or pe orming sensiti analyses
uatl head ‘/ Df sensitivity/anal yses with respect to the methods used and the

ctent to i they ..~o- ed
(e)ExampI&e

Presentation Group D: Model Calibration, Testing, and Overall Evaluation

12) Guidance on model calibration
(a) Defining model calibrations and how they are used.
(b) Determining whether model calibrations are needed.
(c) Selecting model input variables for cdibration based upon sensitivity analyses and upon
anticipated directions and magnitudes of changethat are scientifically defensible
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(d) Common methods for performing model calibrations

(e) Comparing and selecting methods for performing model calibrations

(f) Evaluating the adequacy of model calibrations with respect to the method(s) used and the
extent to which necessary ones have been performed

(9) Examples

13) Guidance on performing model testing
(a) Defining model testing and how the results are used
(b) Generating model testing surfaces based upon a comprehensive range of modeling
scenarios associated with the current and/or anticipated model use(s).
(c) Selecting model output variablesin performmg model tests
(d) Common methods for.testing modelsi(stai .
to the results of mo or f
regression anayses
(e) Comparing an
(f) Evaluating th

-.'

extent to which mod
(g) Examples / /
14) Guidanceo form| oVe .

(a) Weig
(b) Identj
(c) The :

mtegr
g the

/
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APPENDIX C

OUTLINE F ONRE
TAE MODELING

-
<
L
=
>
=
O
&
L
s
—
L
)
o
<
-t
o
i
2,
-




-
<
L
=
>
=
O
&
L
s
—
L
)
o
<
<I
o
i
2,
-

DRAFT JUNE 20, 2001

GUIDANCE ON RECOMMENDED PRACTICESIN ENVIRONMENTAL MODELING

Cover M emo - The message would be that the author expects this guidance to be considered by
all EPA program offices. That program offices are responsible for tailoring the general principles
provided, to be rdevant and applicable to their needs.

Preface - What process (History) was followed in developing this document? What offices
within EPA were directly involved? Who isultimately responsible for the care and upkeep of this
document, to insurethat it remains current?

Glossary of Terms

Related Guidance Docu

Table of Contents
List of Figures
List of Tables
. INTRODUCFION
A. Why IS docume for the

characteri zatjn of poll / iQliSIMe onplece wi EPA. Thereisa
i o improve the use evauation of
I

y /
g/practice

g8/Can int / ! inci 0 assure that modeling will
S Specific goalsa

ent? This ment isintended to

Srinciples (t ) that if followed, will

ere a baslC S [ uld be addressed?
exXtsting model S0 ' or asituation for which the

model was epr|C|tIy designed, good modeling practices suggest there are several major questions
to address:

1. Hasthe model’s science been peer reviewed?

2. Isthe model applicable for the intended purpose on atheoretical basis?

3. Arethe data bases which are necessary to perform the modeling avail able and adequate?

4. Are there adequate | aboratory measured and/or fiedld monitoring datafor comparison to
model outputs for the purpose of model testing?

5. Have gppropriate performance evaluations shown the model’ s performanceis acceptable
for the intended purpose?

6. Has aprotocol on modeling methods and procedures to be followed been established ?
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7. When should the model be updated and discarded?

D. When new models are devel oped, what additional basic questions arise?

1. Can the development of new models be defended or justified? There aretwo basic cases
for which new modds are devel oped:

a) To provide amodel for which there is no existing suitable model, which raises the
guestion: What is so unique about the case to be addressed, that makes existing models
Ingppropriate?

b) To provide a better model (improved performance), in which case there must be one or
more existing models for this application, which raises the question: Why isthe existing
performance inadequate, and what has happened to suggest improvement is possible?

2. Ineither case, the one.new qu&tl should be addre ~-./ /-/7
been established (that wh / ed) all the ant Info

3. How will modeli sthat origi ,* but

have been periodically ‘ eas -EI ver the
essential modelingel acldre nodels, arshould modeI| : guidance
be as stringent as for ‘

4. How should

References: Modg / i /

ents. USEPA @RD. Athens, GA.

dellng

onAdoptlo C Model Use

ccept t |d . Appendix
. O//;‘/ v/. // NT ,
/

// ires g FOSS3 credible infoy ) tion. Depending on the
, aion X .qf 5 beeasHy

etech

cd docu on are:

ehtation of odeI s science. ThIS includes a description of governing
equations, initial and boundary conditions, numerical methods, numerical tests performed, and
coding development and verification followed. Typically this can be accomplished inasingle
Model Formulation Document.

2. Documentation of performance evaluations, sensitivity analyses, and numerical
limitations and uncertainties. This includes assessments of model uncertainty, error propagation,
calibration, and testing. Typically this can be accomplished in asingle Model Evaluation
Document.

3 Documentation of the model’ s data requirements, output, and options. Thisincludes
guidance on use of options. Typically this can be accomplished in asingle Model User’s Guide.

arized in one small report,
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B. The basic areas for quality assurance documentation are:

1. Documentation of peer reviews. See: http://intranet.epa.gov/allnceal/peerindx.htm

2. Modé application protocols. How often is this model going to be applied, and by how
many different people? What level of expertise will these model users have? Depending on the
frequency amodel will be applied, and the number of users, protocols could be defined in agency
guidance, or developed for each application. Modd protocols typically involve acompromise
between what ideally one might like to see done, and what can reasonably be expected. Hence,
model protocolsinvolve ablend of science and agency policy. For complex or recurrent model
applications, program offices might consider drafting specific guidance to define proceduresto be
followed and data bases to be employed.

3. Model support plan. Who will answer user’ s questions? How wiII errors be
documented? How will corrective actions hedefined, tesed , ghi mpl e
modeling data be updated ftware orman ‘ ~-o/ 3

Publication 500-234)? HG : puter g % be M3
model be discarded? /
I11. MODEL FOR / ATI
There are a vaiiety of ingtg ; ' ' e/ be able to proVide a summary

of the model’ s scig ce review pa - members.

A. Model ]
the algorithms /
1. What &

aswmptlon C themodel and

4. \Wha 3 i ' the chosen

atiQ / e employedin conversion/@f the theory into governing

rif // /

Sing a particular frequency
v conditions, etc.)?
oximations and simplifications

cast-squares fif, s / , Aptions, bound;
we pravide qu 9 estlm X e numerical g

5. Hasthe model computer code been verified to ensure that it correctly represents the
mathematical agorithms?

References. Systems Development Life Cycle Methodol ogy (SDLCM). Statement of Policy,
Standards, and Guidelines. USEPA ORD Center for Exposure Assessment Modeling
(CEAM). Athens, GA.

FORTRAN Code Review/Evaluation, Procedures and Standards. USEPA ORD
Center for Exposure Assessment Modeling (CEAM). Athens, GA.
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IV. MODEL EVALUATION

Model evduation involves a statistica comparison of model-estimated values with field
(measured) data to assess model uncertainty and performance. Other components of modd
testing, such as comparing model-estimated and monitored rates of change with respect to
independent forcing variables (such as source emissions and loadings), are beneficial but
historicdly have infrequently been performed. Due to the limited supply of evaluation data sets,
there are severe practical limitsin assessing model performance. Consequently, statistical
evaluations with field datamay often be accompanied by science peer reviews, sensitivity
assessments, and uncertainty assessments for determining whether amodel can be applied for the
anticipated purpaoses.

There areavariety o sed to aSSess mod

/'/

performance. The specifig AN essingtised is al Ct model,
and specific to the manne : : mates .“ obe /: At this writing, we will
only provide afew leg : ' i i ion. u 3 es will have t@ assess how

they wish these questic to provide.

'//

Sensitivity a elate / ut they are e same.
Error propagatio i 0 / based upon ncertaintiesin
the input variablgs itV 15\%e ing'the contributionSito the output by
each of the inpuls ing tHose inpdt] terst affectithe output.

! and whial are the results?
Sensitivity g ¥ Ses T8 estigz i 3’ Sresponse / ep changesin one or
more inputiparameteys sive Mo ertalnty anal They can provide
informatig ; ‘ ts u ully determi ] 2) where amodeling
system’g 1 u : |v :--'-'-‘"7 d ey also can pravide estimates of the error
tht n res v ave consideratig / peen given to that fact
essed?

thati ' . eco 1- d|f / asthlsbeen

o* * SONS Mg f|eld / / d what are the r sults? Comparisons with

degs mates / re(:|S|o ’o hia to be associged with the modeling results.
ome ellng ! s, field / gomparisons argroutinely performed each time a
model™tS appliediin order té-Gefine one or'more site-specific paameters. Thisusually isreferred
to asmodel calibration. In the course of determining these site-specific parameters, the precision
and bias of the model is estimated. Was the model calibrated, and what are the results? Are there
any caveats in model calibration that should be taken into account?

2. In other modeling situations, field data comparisons are only possible for afew
experiments, especially conducted for the purpose. For these situations, the comparisons with
field data are used to estimate the anticipated precision and accuracy of the model’ s performance
(sinceit will not be possible to collect field data for assessing the model’ s performance in every
application). Thisusualy isreferred to as model performance evduation (see ASTM D6589-00).
How does the modd perform over therange of conditionsfor which the modd was intended?
Are there any caveats in model performance evauation that should be taken into account?
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C. Can we provide an overall summary of the model’ s anticipated performance, its
limitations, where we might expect it is appropriate for use? The process of summarizing the
overall performance of a model over the range of conditions experienced within afield
experiment typically involves answering the following questions. (1) Which of the models being
assessed has on average the smalest combined bias and scatter in comparisons with observations,
and (2) Are the differences seen in the comparisons with the other models statistically significant
in light of the uncertainties in the observations? Since models are approximations, and field data
for comparisons are often limited, the results from sensitivity and uncertainty analyses, and
science peer reviews must be also considered in judging a model’ s anticipated performance, limits
in usage, most critical requirements for successful application, etc.

References: Policy for Use of Pi abilisti Apalysis in Risk Assessme
Environmen

4 Y.

nA //WWW Pa0ov/nge

) ./ﬂ“ lys // !'/o EPA/67&)1.
V1020

g monitealss. htm
‘ / t A: Process for Conducting
/ rags3adt/index:htm

89/0014 February 1999.

dex.hi /
2pa.gov/scramiB01/t26.htm#guide

herent in the model. If the
guide? Experience suggest
Is considered good practiceto

| ce, do
5t used / ce, and /
e answersto afew co

y heed a use
by one use,
O qu&tions.

A. What are the current or intended uses? Thisusually is defined from aregulatory
perspective (i.e., in terms of specific program applications), and includes identifying how the
model isto be used in supporting the regulatory activities. Y ou can also briefly describe the types
of envisioned situations and the phenomenon that the model is intended to represent. Since a
model may have many uses, evenfor different EPA program offices, it usually isnot feasble to
define in the Model User’s Guide, the specific protocols to be followed for each application or
situation. Model application protocols are best defined separately from the model user’s guide.
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B. Who are the anticipated users? What experience and education is expected? |s specia
training required (recommended)?

C. What are the known model limitations? (Note, thisis meant to provide a genera
overview of the model’s strengths and limitations. Thisis not meant to repeat detailed evauation
results. User’s guide should focus on the pragmatic steps needed to run the software, and detailed
discussions of theory and evduation results can be referred to if thisinformation is readily
available elsewhere.)

1. Evaluation datais never sufficiently comprehensive to cover all known or intended
applications, hence it isimportant to summarize any known restrictions in the model’ s use, or at
least provide a contact where such information can be obtained.

2. Modelsonly simulate.aportion of the 'onsseen e nat C
describe the expected varjél [ b en modghing resul / /"/
observations (i.e, the ‘ufie S')? T formg c )
are considering use of S devel opment

7] “a” y
D. Whm are th A v TS ) reg tS /
Ips

dne think abo

Dle

are needs?
ence of exeg

Consider
[loN steps, etc.)

using schematic dia

E. Ifthem
F. What i 1 ‘ ttif] Speci fi g0 Iser, apdWhat guidance can
be offered to & Se f i [ e the i ppuits developed from
site-specific de other/Sources?

G. / infor

resolutio / id ave /.

sing them?

/ at isthe model’Stime and spatial

cLC. ) -

i e EXaMm and output foF@ach executable, so that the

-/ ing, and'sg / user can better understand the input and
andiX for y r g User’

forAlrQu / odds. Environmental
ie ' .Aw J orator

NC. EPA- M 3-83-018. May 1983.

N

VI. QUALITY ASSURANCE DOCUMENTS

(NOTE: Not sure how best to structure this section of the report. As described earlier, there
appears to be four quality assurance documents (although there may be others).) Quadlity
Assurance documents could include the following:

1. Peer Review Documentation. When was a science peer review conducted, what were the

findings, and corrective actions taken (if any)? Peer review of regulatory environmental modes,
including methods of performing peer review, is discussed in the Report of the Agency Task
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Force on Environmental Regulatory Modeling (EPA 500-R-94-001) and the Science Policy
Council Peer Review Handbook (EPA 100-B-000-001).

2. Modd Development Plan. Who developed this modd, and for what purpose?

3. Model Application Protocol. Isthere a standard protocol that one should follow?

4. Modd Support Plan. How will the modd live forever? How will the modd be maintained?
Model maintenance can include the provision of (1) open source, public domain access, (2) user
support groups in alist-serve environment, (3) internet-based distribution of the model’ s computer
code, preprocessors and post processors, (4) limited user support, and (5) maintenance and
updating of the model’ s computer code as part of a clearinghouse.

These four ‘documents’ seem to be stand alone items, and they may be composed of multiple sub-
items. Furthermore, there ditio iy, assuran um inexi

describe 2 - 4 listed abov i i [
re-evaluated..

References: EPA Gui
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EPA Models Evaluation and Peer Review Workshop FINAL REPORT

NOTE

This report was prepared by Eastern Research Group, Inc. (ERG), an EPA contractor, as a
general record of discussion for the “U.S. EPA Models Evaluation and Peer Review Workshop.”
This report captures the main points of scheduled presentations and highlights discussions among
the participants. This report does not contain averbatim transcript of dl issues discussed during
the workshop. Additionally, the report does not embellish, interpret, or enlarge upon matters that
were incomplete or unclear. Except as specifically noted, no statementsin this report represent
analyses by or positions of ERG.
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LIST OF ABBREVIATIONS

Agency Task Force on Environmental Regulatory Modeling
Council on Regulatory Environmental Modeling
Environmental Information Management System

U.S. Environmental Protection Agency

Eastern Research Group, Inc.

Multimedia Integrated Modding System

Science Advisory Board

total maximum daily load
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EXECUTIVE SUMMARY

In November, 2000, the U.S. Environmental Protection Agency (EPA) held a 3-day
workshop titled, “U.S. EPA Models Evaluation and Peer Review Workshop” (November 28, 2000
through November 30, 2000). Nearly 100 participants, mostly EPA scientists, attended the
workshop, which consisted of presentations by guest speskers, open discussions among the nearly

100 participants, demonstrations of online software applications, poster sessions, and four
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arti cipants'of fered/Several recommendations for how EPA can adopt a greater institutional
commitment to model development, implementation, and evaluation.

Readersinterested in a more detailed account of these and other main findings should refer
to Section 2.0, and readersinterested in detaled accounts of the discussons that led up to these
findings should refer to Sections 3.0 through 6.0.



